Abstract. The criterion of the condensed explosive ignition by the electron beam, which takes into account Gaussian distribution of electron density along the beam radius, has been obtained. It has been shown that radial heat removal of the absorbed energy leads to the increase in critical ignition energy if the effective track length of electrons in a solid is commensurate with the beam radius. The critical energy of PETN initiation by the electron beam has been calculated.
Introduction
The criterion of condensed explosive ignition by the short-duration electron beam was determined in the article [1] . The criterion was obtained on conditions that the rate of the chemical reaction on the border of the reaction layer is е times as small as the rate of the chemical reaction at the maximum of electron beam absorption, and the heat gain rate as a result of the chemical reaction in the solid  Q is to exceed the rate of heat removal from the reaction layer deep into the solid  Q [2] . The obtained criterion didn't take into account the influence of the electron beam radius on the ignition threshold and the melting of the explosives. The track length of the explosives in the solid is known to depend on the initial kinetic energy of electrons. So, to estimate the critical energy of explosive ignition by the electron beam it is necessary to know at what electron energy the track length of electrons is commensurate with the beam radius as in this case radial heat removal from the absorption area needs to be taken into consideration [3] . The object of the current paper is to obtain the criterion of explosive ignition by the electron beam, which would take account of the melting of explosives and the beam radius, and the estimation of kinetic energy of electrons for PETN ( 12 4 8 5 O N H C ) when the effective length of electrons is commensurate with the beam radius.
Problem statement
Let us analyze the following model. We consider the short-duration pulsed electron beam to fall normally on the surface of the solid parallel to axis z . As the short duration of the pulse we understand the duration when the diffusion of the heat from the area of electron absorption in the solid during the pulse duration can be neglected. We also assume the distribution of intensiveness along the beam cross-section to have Gauss shape [4] . In this case the temperature distribution along the crystal at the pulse decay is to be defined by the distribution of the absorbed energy: 
where 1 T -the temperature on the border of the reaction volume; 1 z  -the thickness of the reaction volume; 1 r -the radius of the reaction volume; Q -the thermal effect of the reaction on the mass unit of the explosive; Z -the frequency factor; E -the energy of the reaction rate activation; R -the gas constant. , and it is defined by the equation [1] : The temperature on the border of the reaction volume, defined on the condition that The distribution of the temperature along the sample at the pulse decay is defined by the expression
According to paper [1] , the first derivative on the right side of the formula (2) 
It is assumed that
Let us define the radial derivative on the right side of the formula (2). From expression (5) and (7) we have: 
Let us define the radius of the reaction volume. According to (5) and (7) 
According to (9), the expression for the radius of the reaction volume is 
By substituting the derivatives (6) and (8) into the expression (2) and taking the account of the expression (10) for 1 r , after some transformation we get the criterion of explosive ignition by the pulsed electron beam, which includes the correction for radial heat removal from the area of electron absorption: 
where
, and the function )
. It should be noted, that due to the scattering the beam radius in the solid is to depend on z coordinate. That's why, the obtained criterion of explosive ignition by the electron bean, depending on the beam radius, is approximate. The critical energy density for explosive ignition by the electron beam, taking into account the melting heat, is defined, based on the energy conservation law, by the formula: ) (
4. The estimation of the effective track length of electrons Major energy loses at the beam deceleration in the solid are ionizing. The curve of energy losses in the solid on the unit of track is normalized to the energy losses on the unit of track with energy 0 E , where 0 E is the initial kinetic energy of electrons. The experimental curve, which reflects the distribution of absorbed energy density by the solid ) (z W ab , is often approximated by the cubic [5] [6] : If the experimental curve of the absorbed energy distribution is normalized to the value of the density of the energy, absorbed at the maximum ) ( m ab z W , the expression (13) can be transformed as
According to the agreed notations, the formula (14) goes as We write the function in brackets in dimensionless coordinates:
. Let us calculate the effective track length of electrons for PETN, depending on the kinetic energy of electrons. PETN is known to be a wide-band gap insulator [7] . The empiric formula for the evaluation of the extrapolated track length of electrons in explosives is given in paper [8] : 
Here,  -the medium density, The effective atomic mass and the effective atomic number are defined by the following formulae
Here, i Z , i A -the atomic number and the atomic mass of the i element; i f -its weight fraction; nthe number of weight fractions.
The experimental curve of distribution of the absorbed energy for PETN [9] is satisfactorily described by the expression [10] [11] [12] : It should be noted that in reality the spectrum of electrons in the beam of a high-current accelerator is not monochromatic. There are electrons with energy, ranging from tens of keV to the value, corresponding to the amplitude of accelerating voltage [13] , in the energy spectrum. So, the extrapolated track length of electrons is to be defined by the most high-energy electrons, and not by the medium kinetic energy. Naturally, the obtained criterion of condensed explosive ignition (11) doesn't take the account of nonmonochromaticity of the electrons in the beam of the high-current accelerator. E  ; 2 -0 450 E  ; 3 -0 600 E  ; 4 -0 1000 E  keV (a) and the dependence of the critical density of the absorbed electron energy while PETN initiation on the initial electron energy in the beam: line -the calculation on the criterion (11) at 0 1 r  mm; ■ -the experiment [9] ; ▲ -the threshold energy of PETN detonation [17] (b). As it is shown in fig. 2 b, the experimental value of the energy density of PETN initiation by the electron beam at 250 0  E keV [9] is in good agreement with the calculation. The density of the electron beam energy D W ( 450 0  E keV), at which the detonation of the explosive takes place [17] , exceeds twice the critical value. In general, the calculation values of the density of the electron beam energy for PETN initiation by the electron pulse agree with and the experimental data quite satisfactorily, which proves the thermal mechanism of PETN initiation by a nanosecond electron beam.
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